12 United States Patent

Ganchi et al.

USO011517251B2

US 11,517,251 B2
Dec. 6, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(%)

(21)

(22)

(65)

(60)

(1)

(52)

(58)

(56)

BREAST-MEASURING DEVICE

Applicants:Parham A. Ganchi, Wayne, NJ (US);
Reza Mollaaghababa, Natick, MA

(US)

Inventors: Parham A. Ganchi, Wayne, NI (US);
Reza Mollaaghababa, Natick, MA
(US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 411 days.

Appl. No.: 16/793,482

Filed: Feb. 18, 2020

Prior Publication Data
US 2020/0323481 Al Oct. 15, 2020
Related U.S. Application Data
Provisional application No. 62/808,103, filed on Feb.

20, 2019.

Int. CI.

A61B 5/00 (2006.01)

U.S. CL

CPC .......... A61B 5/4312 (2013.01); A61B 5/0022

(2013.01); A61B 5/6823 (2013.01); A6IB
2562/0247 (2013.01); A6IB 2562/168

(2013.01)
Field of Classification Search
CPC i A61B 5/4312; A61B 5/6823
USPC e, 450/81; 600/587

See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

FOREIGN PATENT DOCUMENTS

CN 203400148 U 1/2014

CN 208371794 U = 1/2019 ... A61B 5/107
KR 200406517 Y1 * 11/2005 ... A61B 5/00
RU 76209 Ul * 2/2008 ... A61B 5/103
WO WO0-2019135546 Al * 12/2018 ... A61B 5/0055

OTHER PUBLICATTIONS

RU-76209-U1 English translation (Year: 2008).*
KR-200406517-Y1 English translation (Year: 2005).*
CN-208371794-U English translation (Year: 2019).*
WO0-2019135546-A1 English translation (Year: 2018).*

International Search Report and Written Opinion for Application
No. PCT/US2020/018617, dated May 5, 2020 (11 pages).

* cited by examiner

Primary Examiner — Daniel L Cerioni
Assistant Examiner — Raymond P Dulman

(74) Attorney, Agent, or Firm — Barnes & Thornburg
LLP

(57) ABSTRACT

In one aspect, a device for measuring breast volume 1is
disclosed, which comprises a housing comprising an enclo-
sure¢ having an opening, a flexible membrane sealingly
covering said opening so as to provide an enclosed space
within said enclosure, a gas disposed within said enclosed
space, and at least one pressure sensor coupled to said
enclosure so as to measure pressure of said gas within said

enclosed space. The flexible membrane 1s configured to
reversibly tlex into said enclosed space in response to
pressure of a breast against the membrane. The tlexure of the

membrane causes a change 1n the pressure and volume of the

4,024,856 A 5/1977 Kirianoff e encelosed
4,219,029 A 8/1980 Grossman et al. gas within said enclosed space.
4338953 A 7/1982 Ward

2016/0089110 ALl* 3/2016 Milkowski ......... AG1B 8/4281

600/472 15 Claims, 13 Drawing Sheets

1
Controller



US 11,517,251 B2

Sheet 1 of 13

Dec. 6, 2022

U.S. Patent

5 m
g

+ 4 + + + + + + + + + + + ¥

-1

* + + F + F F F F o FFFEFFFEFFFEFFFEFFE

1‘!111“.—‘."5__“.-'?“.'

<2

r
S S—

F1G.



US 11,517,251 B2

LA N B B N NN NN BN EEEEEEEEEIEEENENNENEERNI]

+ + + + + + + + + + F + &

Sheet 2 of 13
1

+ + + + + + + + + + + + + + + + F FF St FFEFFE T

FG. 2

Dec. 6, 2022

P
O n.._n,

+
".

*H.’*+ | 4r
‘: "]
L]

.—.-—..—..—..—..—..—.-—.++++.—.++++++++++++++++++ +.—n.ﬂ+ -+ +
R R AR A e,
+

Cs3
‘a " L -

€23 T

C i m
e

U.S. Patent



S. Patent Dec. 6, 2022 Sheet 3 of 13 S 11,517,251 B2

+ + +
+ + + + + + + + + + + + + + + + F + A+ FFFFAFEAFAFAFEAFFFEAFFAFEAFAFEFEAFEFAFEAFFEAFEFFFEFEFEAFEFEFEAFEFEFEFEFEFEAFEFEFEFEFEFEAFEAFFEAFEAFEFEFEFFAFEFEFEAFEAFFAFEFFEAFEFEFFEFEFEAFEFEFEAFEFEFFEFFEAFEFFEAFEFFEAFEFFEAFEFEFEFEFEFEAFEFFEAFEFFEFEFFEFEFFEFEFFEFEFEFEAFEFFEAFEFFEAFEFEFEAFEFFEAFFFEFEFEFEFEFFEFEFFEFEFFEAFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEF

+ + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +F + o+

+ + + + + + + + + o+ F

mmunicatio

Viodule

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

-G, 3



US 11,517,251 B2

Sheet 4 of 13

Dec. 6, 2022

U.S. Patent

7 Ol




US 11,517,251 B2

+ + + + + +

¥
L4

3 .
y—

-~

0 b

\r,

~

P

e .

=

72

g |

g

—

g

N /
>

=

< -
& 3
~ecf-

U.S. Patent

L L

! + L . + oy
+ + + + + + +
+
=

s ™

+
+
+ +
+
s B +

——

F1G. 5



US 11,517,251 B2

Sheet 6 of 13

Dec. 6, 2022

U.S. Patent

J Ol




US 11,517,251 B2

Sheet 7 of 13

Dec. 6, 2022

U.S. Patent

|_l_“_s_..l.l.

FIG. TA



US 11,517,251 B2

Sheet 8 of 13

Dec. 6, 2022

U.S. Patent

T
\._..lluql.l.__.lll.!ll.llilll

e
.rl{___r.-_-rr-_...r

-G, 78

———




S. Patent Dec. 6, 2022 Sheet 9 of 13 S 11,517,251 B2

o

R,

L.

\J

-G, 8



U.S. Patent Dec. 6, 2022 Sheet 10 of 13 US 11,517,251 B2

L
3

~. o

S

B

LD
D

-G, 9



US 11,517,251 B2

+*
+
+ * + +
; i
l_n_..nl. - .l!. 4] + + + + + + _...v.l * +
[V ™ A% - N +
o & " " T . e
] . 2 a » .n..ﬂ F & e - + .
& L. ¥ w A £ u L u G
l_.: &L !_run.-___ u.- N & L+ ulu_ fL o= nu...u._-_ y
- ] k| k] ]
[ o [¥] .-.F.l + [ e ey '... - L P.D_‘.'. L n...
+ + +++ +++ A E ] ...... k F u % s +
¥ ]
Z -4 7 = ¥y a +
+

. L L
= + o » E |+
. ]
+ “ ]
+ it | L
e ¥ *
oy, . b u_
L 4} +
w T +
N - L 7
N ] [ 4
* ] o
+ ]
._..t
ﬂ.ﬂ.u b %
+ Ta *
A. liV s T oatal
=

Sheet 11 of 13

5.5 0

F1G. 10

Dec. 6, 2022

1000

U.S. Patent

. L ]
o
F a
+2 ﬂl *
LN+ &
I * *
L .
* .
+ -
u 1w
> i '+
»
.H.ﬂr'
E +
o « 14
++ ¥ E
T ALY
___‘_ .-.I A
A ¥y =
&5 < xS
[ ]
e _v.lf e N
n---u + - +
Ay -] .a_..u i
j" ﬁ g Ls b 7
Ay E L. +
L _Ilt.l_
* F - L4}
+
+ + + 4+ .Iﬂr'.- .‘++
+ L] a L L2 k-’
h " .._un W & Y
L -
Y *_+ +.I.I 3 .....u
+ + HUG_ w ¥ +
ko d ++i E_I.I *
) A . 5 h e+ +++' . - I_--..fi_ -
ol 4 T 2 ¢ £ M a e b e o e g .
3 L A 4 5 & = R "~ £ » Ly E ouog *
F 3K B L] . -3 - . 3 7 [ o
- - L » y ¥ » "~ o
) L a v Ty - F .
n* o L L] : " » ¥ o
L " . L w ]
- - ..I + + + + + + .H._- + o+ -
] L ¥ =
+ 5
+
-
+
*
+ -
*
n
+
*
-
'+
+
* 4 +
nl..l:l m lﬂ..l:l:l:- ”lu
s
ﬁ u. ﬂ.ﬂr JH..---H
= 708



US 11,517,251 B2

Sheet 12 of 13

Dec. 6, 2022

U.S. Patent

2000

2002

-+
ﬂ-‘"_-ﬂm-lﬂ_-ﬂm.-ﬂm-‘ﬂm.-'rw
+

+ + + + + + + + + + + + + + + + + + + + + *+ + + + + + + + + + + + + + + + + + +

»

+ + +
+ +
- +
++++++.—.+ Py
.‘..—. +

ﬁ+

+ + + + + + +
+ + + + + + + + + + + + + + + + + + + + + - = +
r Y L F - 1
+ [ o, " - N
" ¥ iy ) o W A -
+ . [ o~ -~ - _J-.-_ - ___.1 L ]
\d. - s r f.l. " 1
+ = n -1 L] b
. - L ] o LY ) b
" _____.-. Kl o, Y # - w1 LY H._r
F ] * 1 ’ L
L] - b 4 n..-.u L
-, L -r. S .
: " P N L __.._ - B b
* ! ’ - - .
- LT " & r -
> fo X
N e - . -y
s k - =n - 4 ” N r
* i - - - ! - -
- *
+ i ; . I A M - N 2
+ .__. " - F 1 P H - -
og .. L i r s - __._.__.
+ 'Y I .o aF i o .-
L T v 1 F T F
y L * F » * T S F
; T oM £ w Ve (
+ s - [ - ) - 1 - 2 L i
+ L I * ’
- - r - i . ',
-
» » T nu 3 hat
+ Y L I I | n L
- ’ F "
L - L - - -
» [ t L - a /-
- I | " » ‘i.ﬂ - .-_.u_
- 1 5 ‘._l_ um - - N
* L] L] _i-“. - i L " -
+
Y £ F L
+ x - - . P r .h_._ 1 b
+ - -
y-or 3______ A % . ‘ 7 1
- . w L
i % [ _..._ ¥ L ’ ’
b L1 L] t.v. - x r ", ] an,
FL ¥ - £ - a4 ~
¥ 4 1 L t - ¥
J 1 ‘. LY r. P
+ - ¥ -._n.. - - a N LY
F ] LY
+ * L, h_J_ - ﬁ + - L a2 b 6
N = w X e w ' .’ .
-t - [ - ul
- 1 - »
- r .1 - o L] o ..m
. > . . _._..n. 4
LA § Yuan g # ~ . 3 ‘ )
--_ E >~ .-..__.i I-. I m\\
Fl ’ M - [ " " . um
+ﬁ o’ L r - " -l‘ 1 - LY o
* ’ % - 3 N8 L
+ & k. nh H a ] ¥
DY ke 1L,
. a F - * -
+ » 3 F x L
+ - I L 'y .i.l. #
+ L L] )
N ~ . W A
I . ™ \1.-. N - w ol -’ L) .
B h.___._ 7 1 . " ¥ . ~ . ) iy -
¥
o, o t ¥ b oy "
+ » * F lw - - . A
L]
. N Tr T e 2 Eah . . ~ T
-
e L w i F T - N - ’
- f +
’ k r N
4 * ir
Fi L] - " A g & '
- R - ™, 1 - -~ ____.___ - b
LY t . T ™ l..t:.__ n T I
C- = r - uy “a E
LN
& . 1 - [ - - ¥
n.ur - o L] b .ﬂ *
- ¥
. - - J.L ~ L lﬂh H.ﬁi -U_....
R 3 k] H * L - -
J - - ¥ 1 " * H
* r ] »
* “ F - % ¥ FJ
* " F . ol -
N ¢ o s A " Y Lo g
+ . - iy W - PR L - - L )
+ F . - - » 4 v
+ A " r F] k ‘
. 7 h e -
’ * " L L]
K ~ . T, w 1 L e ¥ . Y *
N B " oA ' - ’ A *
+ g y * . ‘ o , .
- ______... £ r . o o

L
A R S T A s T
o+ b "r i th =k .
- - ol | PR
r ¥ L) u m..__
--.u...-_ -t L L LT - . »
- [ LY 1 a2
: - L " 9 o r @ . __n..
. k.
. L 4 - b ’ L I o
+ 4 *
. L R n._.i - -
L LY L - -
: ¢ - in_-.. M-__r lm._-.ﬂ ‘- . ¢
+ . 2 v - % ’ ’ .
L] -, ¥ ] - * a L
L]
J.- - T - a F £ - i
L
A o .NG £ > - F - | _-r
»
I - #, o N e O » F . .r.-_.r
(9 ., 7 : D.h ¥ -.AV‘_.
L LA 1 . -u—_ - -
+ -~ F i - F ]
t...t.-_ ¥ 2 - . - T~ ~
- - - - ¥
I F LY L o ..nr.._ | N A "
. { L ___._1 L] - * 3
- a m
" F b i + . *
[ Y ..l__. Ny 4 L "
-,
" o » - a r

l - +
L |
" . % P ny * # . . o .........
+ = iy .u._.-f L] - L] + +
+ + - + *
B b b +

+ 4

+ + + + + + F + F F F FFEFFFEFFFEFFEFEFFEFEAFEFEFEFEFEFEFEFEEFEEEFE

+

1

R H o
+

+
+
+ +
+ + +
+ + + +
*
+
+* *
+
+ +
+ +

+ + + + + +

2008—"

G. 11A

200

+ + + + + + + + + + + + + + + + +FF Attt

.—..-..—..—..-..—..—..-..—..—..-..—..—..-..—..—..-..—.+.—.++.—.++.—.++.—.++.—.++.—.++.—.+.—.+ﬂ—.
]

+

2008 —

FIG. 118



U.S. Patent

001

Dec. 6, 2022 Sheet 13 of 13

SOUS =,

+ + + + + +

US 11,517,251 B2

oy
-
-
-

+ + + + + +

+ +

e

+ ¥ + &
+ +
+ +

+

S - v v - + —— - ——— - - — — — - - —— — - - ——— - - —— - — —— - ———— — v —— — v ——

+
+

+

+ + + + +
+
+
L
* + + + + + + + + + + + * + + + + + + + + + + + ¥+ +
+|| + + + + + + + + + + + + + + + + + + + + + +
+
* - — . - — — w— —— — — » — - — - - — — — - - — - - — - — - [ pep—p— - - -
+
+
+*
+ — - - - - . - - . — — — - — - — — — - — — — - — — — -  — — — - r — — — - - — - - — - - — .
+
+
+
+
: F—— - (R —— N — S - [ — [ — —— v E——
+
+
+*
+
+
+
+
+
+*
+
+
+
+
+
* " EE——
L
+
+
+*
+ P—
+
+
+
+
+*
+
+
+ P ——
+
+
+
+ — o . - — . . - . . - . . LY ¥ ¥ W — . — . . — . . A — . — - 4 S S - .
o+
+
+ — - o S - S [T T T ¥ 9 . . - . - . - . . - . —— — . . — . . F_ W W
+
+
+

+ + + + + + + + + + F + F F F o+ FFFFFFFEFEFFEFEFAFEFEFFEFFEFEFEFEFE A F
+
+
+*
+ +* + + +

+

+
+ +
+ +
+ + +

+ +
-+ +
+ +
+
+
+
r——— r———
+
+. L ]
r———
.

3010 ~

+
+
+
+
+
+
+

+
+
+
+
+
+
+

o+
+ + + + + + + ++ ++++ Attt ottt ottt o+

{aJ
-,
3
=

+ + + + F FFFFFFFFFFEFEFFEAFEFFEFEFFEAFEFFEFEFEFEFEFEFEAFEFEFEFEFEFEFEFFEFEFEFEEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEEFEEFEEFEFEFEFEFEFFFFFF

40073 ~

+

+ F + F + + kb o+ o+ + + *
+ + ko * + - Y F]

[ 3
L)
b ]
]

- L 4
o L3
L]
!
- ;
;¥
*
.
L1
Vo
T f'
]
»
)
-
,
r
L
"
1.
RS
-
i
t
&
[
L]
[
-
-
-
L
13
F
-
L ]
3
[ ]
[
[ ]
4
-,
* W
”~
[
LY
L1
r .
r
F %
L
’»
f X

LY
A
4

a
L

+
N
T s

+

+
|

-

*

-

| A

-

-
R

-+
»

+

+

+
+,
|+

+ +

+ + + + + + + ¥ + +

++++++++++++++++++++++++++++++++++++++-I-++++++++++++++-I-++++++++++++++++++++++++++++

+
+ + + + + + + + + + + + + + + + F+F+ +FtFF S+ttt ettt sttt ottt sttt sttt sttt sttt o+

oy +* + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + <+ F+ A
L
L L
1,
“u
L.
.y .
Qs e
": - J K.
[ ]
]
[ ] -
=
"c""
t [
F)
#
4
L
L]
’
r
(j*‘
-
¥
| J
LY
bt |
il
oy
.-
)
1
Ta
()
L ]
L™
'll‘_
[ 1)
-’
L
-
L9
oy
"
LI
ld
I '
’ L
.
Iy
-
LT}
b T
-
,
Fl -
L
f ox

+ + + + + ¥+ + + +

L]
-
LY
L]
13
-
L]
LI¢
]
l‘.ln.
i-1 n
-
-
b1
L
E

4000

+ + + + + +
+ +

+
*
+
+
- *
& -, e F3l +
. = 4
* o 1 - . *
- - [ r, ¥ (] * :
{I ! LY
L L] *
% LY} F +
v o L H . :" +
+
AW T
Y P . @ +
N . » - 7 +
» . - .3 +
o \ L% a o, "'q'_ + +
- o +
LY LES s
. i . ® - 1 i
" L i L] [ . a .
- b L L " +
) ™ * -« - 1 +
LI ) 1 - - L] r *
¥ r » I Ny *
L} - % H " *
] A } H a2 - + N
[+ . F '] "‘:.' - ]+
L2 L L] +
E - - f . s 5 M
L J u r
. ’3 5 ¥ oo» :
- - o - b w *
*
- " & ™ & [ Y LY,
* " -
& s
r"-; - ¥ B e
- . " O +
’ " ‘.l' - 1 g n - L3 +
- by -y - +
" " i" +
L +
- +
|
: L] L +
L L - L ‘.
- n ¥ ' r ,. * . 4
* A } *
s N I
F " . %
F - r 1]
LI LY "y oo = .,
L L
¥ "™ H l 1?' = oL :
L] = F HII:l" +
- '-r‘ . r ] +
- Ty, ’ - . " ,*-' s * +
r F "y i [ ] +



US 11,517,251 B2

1
BREAST-MEASURING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application 62/808,103, filed Feb. 20, 2019. The entire
contents of this application are incorporated by reference
herein.

FIELD

The present invention relates generally to devices for
measuring the volume and/or asymmetry of a breast.

BACKGROUND

Surgical procedures of the breasts are some of the most
common procedures performed in the United States. Over
300,000 cosmetic breast augmentation procedures and more
than 100,000 breast lift procedures are performed by cos-
metic plastic surgeons annually. Reconstructive surgeons
perform over 100,000 breast reconstruction procedures for
cancer patients and a similar number of breast reduction
procedures.

For all of these procedures, the size and symmetry of the
breasts are very important to a successiul outcome. Cur-
rently, there 1s, however, no accurate method or device to
determine breast size or symmetry before, during, or after
surgery. In operating rooms, surgeons can only rely on rough
visual estimates ol breast size and symmetry. During the
consultation prior to surgery, patient education and planning
by the surgeon 1s limited to estimates and educated guesses
of breast size and symmetry. After surgery, evaluation of the
success of the surgery 1s also limited to subjective apprais-
als.

Accordingly, there 1s a need for devices and methods for

measuring breast size and/or symmetry both 1n and outside
an operating room.

SUMMARY

In one aspect, a device for measuring breast volume 1s
disclosed, which comprises a housing comprising an enclo-
sure¢ having an opening, a flexible membrane sealingly
covering said opening so as to provide an enclosed space
within said enclosure, a gas disposed within said enclosed
space, and at least one pressure sensor coupled to said
enclosure so as to measure pressure of said gas within said
enclosed space. The flexible membrane 1s configured to
reversibly tlex into said enclosed space in response to
pressure of a breast against the membrane. The flexure of the
membrane causes a change 1n the pressure and volume of the
gas within said enclosed space.

In some embodiments, the device can further include an
analyzer for receiving said measured pressure and determin-
ing, based on said measured pressure, said change in the
volume of said enclosed space. In some embodiments, the
analyzer can determine the change in the volume of the
enclosed space based on pressure versus volume calibration
data. In some embodiments, the analyzer can determine the
change in the volume of the enclosed space based on a
theoretical relationship between the volume and pressure of
the enclosed space. The analyzer can correlate a change in
the volume of the enclosed space to the volume of the breast
under examination based on calibration data.
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In some embodiments, the analyzer can mclude an ASIC
(Application Specific Integrated Circuit) that 1s programmed
to calculate a change 1n the volume of said enclosed space
in response to a measured change i1n pressure of the gas
within said enclosed space due to flexure of said membrane.

The analyzer can be implemented 1n a variety of diflerent
ways. By way of example, mm some embodiments, the
analyzer can be implemented on a mobile device.

In some embodiments, the housing of the device can be
bowl-shaped. The housing can be formed of a variety of
different materials. In many embodiments, the permeability
of the gas contained within the sealed enclosure through the
material forming the housing is sufliciently low such that the
device can be stored prior to use for at least about one year.
A varniety of materials can be employed for fabricating the
housing. Some examples of suitable matenals include, with-
out limitation, PDMS (polydimethylsiloxane), polypropyl-
ene and/or polyethylene.

A variety of gases can be employed. Some examples of
suitable gases include, air, nitrogen, and noble gases, such as
helium.

The flexible membrane can also be fabricated using a
variety ol different polymeric matenals, such as polyure-
thane.

In some embodiments, a device according to the present
teachings can be used to determine whether the left and right
breasts of a patient are substantially symmetric. For
example, a diflerence between the pressure readings
obtained by the device for the right and the left breasts can
provide an indication of asymmetry (1.¢., a difference 1n the
volumetric sizes) of the two breasts. Such information can
be useful, for example, for breast augmentation to ensure
that appropriate implants are employed to obtain symmetry
between the augmented breasts.

In another aspect, a device of measuring breast volume 1s
disclosed, which comprises a housing providing an enclo-
sure having an opening, and a flexible membrane that 1s
coupled to the enclosure so as to provide a sealed chamber
between the flexible membrane and an inner surface of the
enclosure. A gas 1s disposed 1n the sealed chamber. At least
one pressure sensor 1s coupled to the housing and 1s con-
figured for measuring a pressure within the sealed chamber.
The flexible membrane 1s configured to reversibly flex nto
said enclosed space in response to pressure of a breast
against the membrane as the breast 1s received into said
enclosure via said opening of the enclosure. The flexure of
the membrane causes a change 1n the pressure and volume
of said gas within said enclosed space. The pressure sensor
can measure the change in the pressure and transmit the
pressure data to an analyzer. The analyzer can receive the
measured pressure and can determine, based on the mea-
sured pressure, the volume of the breast recerved within the
enclosure.

By way of example, the analyzer can employ calibration
data corresponding to pressure versus breast volume to
determine the volume of the breast received within the
enclosure. In some embodiments, such calibration data can
be obtained by inserting a plurality of standardized volumes
into the enclosure and measuring a change in the pressure
within the sealed chamber observed in response to the
receipt of the standardized volume within the enclosure. For
example, 5-10 standardized volumes of different sizes can be
employed to establish a calibration curve, which can be
subsequently employed to correlate a measured change 1n
the pressure of the sealed chamber with the breast volume.

The analyzer can be implemented in hardware, firmware
and/or software using known techmques informed by the
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present teachings. By way of example, 1n some embodi-
ments, the analyzer can include an ASIC (application spe-
cific integrated circuit) programmed to calculate a breast
volume based on a pressure measured by the pressure sensor
in response to insertion of the breast within the enclosure,
which causes a flexure of the flexible membrane. In some
embodiments, the analyzer can be implemented on a mobile
device, such as a mobile phone, tablet, etc. In other embodi-
ments, the analyzer can be implemented on a remote plat-
form and can communicate with the pressure sensor via a
network, e.g., the Internet.

In some embodiments, the housing 1s bowl-shaped with
the enclosure having a substantially hemispherical profile,
though other shapes can also be used. In general, the shape
of the enclosure 1s selected to facilitate the insertion of a
breast into the enclosure for measuring a volume thereof
based on the present teachings. Similar to the previous
embodiments, the sealed chamber can contain a variety of
different gases. While in some embodiments, substantially a
single gas type 1s used, 1n other embodiments, a mixture of
two or more gases can be employed. Some examples of
suitable gases include, without limitation, air, nitrogen and/
or noble gases, such as helium. The housing and the tlexible
membrane can be formed of a variety of polymeric materi-
als, such as those listed herein. In some embodiments, the
flexible membrane has a thickness in a range of about 1 mm
to about 5 mm, though other thicknesses can also be used so
long as the flexure of the membrane 1n response to pressure
exerted by the breast i1s suflicient to allow accurate mea-
surement of the breast volume.

In another aspect, a breast-measuring device according to
the present teachings can include two sensing units, each of
which 1s configured to measure the volume of breast 1n a
manner discussed herein. The two sensing units are coupled
in a manner similar to how the two cups of a bra are coupled
to one another so as to provide a bra-like device that can be
worn by an individual. Each sensing unit can be imple-
mented 1n a manner discussed above 1n connection with the
previous embodiments to measure the volume of a breast.
The device can be worn by an individual to obtain a measure
of the volume of the individual’s breasts. Such a device can
be used, for example, by an individual at home, or can be
employed by businesses that sell bras to ensure that a
customer will receive a bra having the right size.

In another aspect, a system for measuring breast asym-
metry 1s disclosed, which comprises a housing comprising
an enclosure having an opening, a flexible membrane seal-
ingly covering said opening so as to provide an enclosed
space within said housing, a gas disposed within said
enclosed space, and at least two pressure sensors coupled to
said enclosure so as to measure pressure of said gas within
said enclosed space. The flexible membrane 1s configured to
reversibly tlex into said enclosed space in response to
pressure of a breast against the membrane. The flexure of the
membrane causes a change 1n the pressure and volume of
said gas within said enclosed space. An analyzer can receive
the pressure readings of the two pressure sensors and obtain
a measure ol breast asymmetry based on a difference
between those pressure readings.

In another aspect, a system for measuring breast asym-
metry 1s disclosed, which comprises a device that includes
a housing comprising an enclosure having an opening for
receiving a breast, at least two gas-filled chambers tluidi-
cally 1solated from one another, each of said chambers being
formed between an inner wall of said enclosure and a
flexible membrane, and at least two pressure sensors each of
which 1s coupled to one of said gas-filled chambers for
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measuring gas pressure therein. Each flexible membrane 1s
configured to reversibly flex 1n response to pressure of a
breast thereon, thereby causing a pressure change in the
respective chamber, where a pressure diflerence measured
by said at least two pressure sensors 1s indicative of asym-
metry of the breast. In some embodiments, a partition that 1s
substantially impermeable to the gas contained in the cham-
ber can separate the two chambers.

In some embodiments, the system can further include an
analyzer for receiving the pressure readings from said sen-
sors and utilizing said pressure readings to obtain a measure
of asymmetry of the breast.

Further understanding of various aspects of the present
invention can be obtained by reference to the following
detailed description and the accompanying drawings, which
are described briefly below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically depicts a device according to an
embodiment for measuring breast volume,

FIG. 2 schematically depicts the device of claim 1,
illustrating an analyzer that can receive pressure readings
from the device to calculate a volumetric breast size,

FIG. 3 schematically depicts an example of an implemen-
tation of an embodiment of analyzer suitable for use 1n a
breast-measuring device according to the invention,

FIG. 4 schematically depicts how a device according to
the present teachings can be utilized to measure a breast size,

FIG. 5 schematically depicts another embodiment of a
device according to the present teachings for measuring the
breast size,

FIG. 6 schematically depicts the device of FIG. 5 1n use
for measuring an individual’s breast size,

FIG. 7A schematically depicts a front view of a bra-like
device according to an embodiment having two breast-
measuring units,

FIG. 7B schematically depicts a rear view of the device of
FIG. 7A,

FIG. 8 schematically depicts an embodiment of a device
according to the present teachings for measuring breast size,

FIG. 9 schematically depicts an embodiment of a device
according to the present teachings for measuring breast size,

FIG. 10 schematically depicts an embodiment of a device
according to the present teachings for measuring breast
asymmetry,

FIG. 11A schematically depicts an embodiment of a
device according to the present teachings for measuring
breast size,

FIG. 11B schematically depicts the device of FIG. 11A
receiving a breast,

FIG. 12 schematically depicts an embodiment of a device
according to the present teachings for measuring breast size,
and

FIG. 13 schematically depicts an embodiment of a device
according to the present teachings for measuring breast size.

DETAILED DESCRIPTION

The present teachings are generally directed to methods
and systems for measuring the volumetric size and/or sym-
metry of an individual’s breasts. In many embodiments, the
device can include a gas-filled chamber having a flexible
membrane, which can flex in response to a pressure exerted
by a breast to cause a change 1n the pressure of the chamber.
An analyzer can correlate the pressure change to a volume
of the breast. Further, in some embodiments, the pressure
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readings obtained by using the device on the leit and the
right breast can be employed to determine a measure of
asymmetry, 1f any, between the right and the left breast of an
individual.

Various terms are used herein according to their ordinary
meanings 1n the art. The term “‘about” as used herein 1s
intended to indicate a variation of at most 10% around a
numerical value. The term “substantially” as used herein 1s
intended to indicate a variation of at most 10% relative to a

complete state.

FIG. 1 schematically depicts a device 10 according to an
embodiment for measuring breast volume size and symme-
try, which includes a bowl-shaped housing 12 providing an
enclosure 14 having an opening 16. A flexible membrane 18
covers the opening 16 so as to seal the enclosure and a gas
contained therein from the external environment. The sealed
enclosure 12 can contain a variety of diflerent gases. For
example, 1n some embodiments, the sealed enclosure can
contain air while 1n other embodiments, the gas contained 1n
the sealed enclosure can be primarily nitrogen. Further, in
some embodiments, the sealed enclosure can contain a noble
gas, such as helium.

In some embodiments, the gas contained 1n the sealed
enclosure 1s at atmospheric pressure. In other embodiments,
the gas contained in the sealed enclosure has a pressure
greater than the atmospheric pressure. For example, the
pressure of the gas contained in the enclosure can be 1n a
range of about 1 atmosphere to about 5 atmospheres.

The flexible membrane 1s configured to reversibly flex in
response to a pressure exerted by an individual’s breast as
the breast 1s pressed against the membrane. As the mem-
brane flexes inward 1n response to the pressure exerted by
the breast, the volume of the gas within the enclosure
decreases 1n substantial proportion to the volume of the
breast received within the tlexed membrane. As discussed in
more detail below, such a change 1n the volume of the gas
contained within the sealed enclosure can be determined via
measuring a change in the pressure of the gas contained
within the sealed enclosure 1n response to the tlexure of the
membrane.

More specifically, with continued reference to FIG. 1, the
device 10 further includes two pressure sensors 20 and 22
that are coupled to the housing 12 so as to measure the
pressure of the gas contained within the sealed enclosure 12.
As discussed below, a change in the pressure of the gas
within the sealed enclosure measured by the pressure sen-
sors 20 and 22 can be correlated to the volume of the breast
received within the flexed membrane. The pressure sensors
20 and 22 can be coupled to the enclosure housing using a
variety ol different techniques. For example, they can be
glued to an interior surface of the housing, or they can be
placed within indentations provided on the interior surface
of the housing. Although 1n this embodiment two pressure
sensors are employed, 1n other embodiments, one pressure
sensor or more than two pressure sensors can be used. A
variety of different pressure sensors can be employed. Some
examples of suitable pressure sensors include, without limi-
tation, Model S pressure transducer marketed by Honeywell
corporation, though a variety of other pressure transducers
can also be employed.

In this embodiment, a controller 23 1s coupled to the
housing 12, for example, embedded within the wall thick-
ness of the housing. The controller 23 can communicate with
the pressure sensors to control their operation, as well as
receive and communicate the measured pressures to an
external analyzer 24.
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The analyzer 24 can be configured, e.g., in a manner
discussed below, to operate on the measured pressure to
determine a change in the volume of the gas contained 1n the
sealed enclosure. The 1dentified change in the volume of the
gas 1n the enclosure can then be correlated with the volume
of the breast received within the flexed membrane. Further,
in some embodiments, the analyzer can directly correlate the
measured pressure to the breast volume based on previously-
obtained calibration data.

Further, a diflerence between the pressure measured by
pressure sensors 20 and 22 can be used to obtain a measure
of asymmetry of the breast. For example, 1n some embodi-
ments, asymmetric calibration implants can be employed to
generate a calibration curve correlating a difference 1n the
pressure readings of the sensors 20 and 22 with a measure
of asymmetry of the breast.

The analyzer 24 can be implemented 1n hardware, firm-
ware and/or software using known engineering techniques
informed by the present teachings. By way of example, 1n
this embodiment, the analyzer 24 includes a processor 26, a
random memory module (RAM) 28, a permanent memory
30, a communication module 32 and a communication bus
34. The communication module 32 operating under the
control of the processor 26 can communicate with the
pressure sensors 20 and 22, via the controller 23, to receive
values of the measured pressure. The processor can utilize
the values of the measured pressure to calculate a change in
the volume of the gas contained within the sealed enclosure.
In some embodiments, the processor can employ an average
ol the pressure readings provided by pressure sensors 20 and
22.

For example, the processor can utilize a theoretical rela-
tionship correlating the pressure of the gas within the sealed
enclosure to the gas volume to estimate the gas volume
based on the measured gas pressure. One such theoretical
relationship 1s as follows:

AV = Z AP Eg. (1)

where,

AV signifies a change in the volume of the gas within the
sealed enclosure 1n response to the pressure of a breast
against the flexible membrane,

P, signifies the mitial pressure of the gas within the sealed
enclosure (1.e., the gas pressure prior to the flexing of the
membrane due to the pressure exerted by the individual’s
breast against the membrane);

AP denotes the change 1n the pressure of the gas within the
sealed enclosure due to the flexure of the flexible membrane,
and

K 1s a constant that can be determined theoretically or via
calibration of the device. For example, K can be determined
theoretically as the product of the moles of gas contained in
the sealed enclosure, the well-known gas constant (R), and
temperature (1) 1n units of Kelvin.

Alternatively, ¥ can be estimated by measuring a change
in the pressure of the gas in the sealed enclosure in response
to the flexure of the flexible membrane by using a plurality
of standard volumes (e.g., standard implants).

In some embodiments, the gas pressure law that takes nto
account of the interactions between the molecules can be
used. For example, the gas pressure relationship for diatomic
gases can be employed when the enclosure 1s filled primarily
with a diatomic gas, such as mitrogen.
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In some embodiments, the device can be calibrated by
using a series of standard implants having different volumes.
For example, for each standard volume, the change in the
pressure ol the sealed gas can be measured when the
standard volume 1s received 1n the flexed membrane. Such
pressure measurements as a function of the standard vol-
umes can then be employed to generate a calibration curve.
The calibration curve can then be used to correlate a
measured pressure change in response to the tlexure of the
membrane by a breast pressing against the membrane with
the volume of the breast.

The analyzer 24 can be implemented in a variety of
different ways. For example, in some embodiments, the
analyzer can be implemented on a mobile device. In other
embodiments, the analyzer can be implemented on a remote
server that can communicate with the controller 23 and the
associated pressure sensors via a network, e.g., the Internet.

Similar to the analyzer 24, the controller 23 can also be
implemented i hardware, firmware and/or software using
known techniques informed by the present teachings. Simi-
lar to the analyzer, the controller can include a processor,
and associated memory for communicating and controlling
the pressure sensors.

The housing can be formed from a variety of suitable
materials. In many embodiments, the housing and the flex-
ible membrane are formed of a material that can be steril-
1zed, e.g., via autoclave, such that the device can be used 1n
a surgical theater.

As shown 1n FIG. 4, 1n use, a device according to the
present teachings, such as the above device 10, can be
pressed against an individual breast so as to flex the mem-
brane such that the membrane substantially collapses 1nto
the sealed enclosure, thus changing the pressure of the gas
contained within the enclosure. Once the breast 1s fully
received within the housing, the change 1n the pressure of
the gas within the sealed enclosure 1s measured and analyzed
to derive the volume of the breast. In some embodiment, a
trigger button 1s provided to allow a user to indicate to the
controller 23 that the analysis of the pressure data to
determine breast volume should commence. Instead or 1n
addition, the pressure differential between the pressure sen-
sors 20 and 22 can be used by the analyzer to determine the
degree of breast asymmetry. Although two sensors are
employed in present embodiment, in other embodiments,
more sensors, €.g2., 3-20, sensors can be employed.

In some surgical procedures, such as breast augmentation,
information about asymmetry between the right and the left
breast of a patient, 1f any, 1s desired to ensure that the breasts
are substantially symmetric after the surgery. In particular, 1n
many such embodiments, information regarding an asym-
metry between the left and the night breast (1.e., a difference
between the volumetric sizes of the left and the right breasts)
can be more important for the success of the surgical
procedure than information regarding the absolute volume
of the breasts. In such embodiments, a device according to
the present teachings can be placed on each breast and
pressure readings from one or more pressure sensors can be
obtained. A difference between the pressure readings for the
right and the left breasts, e¢.g., a diflerence between an
average pressure reading from multiple sensors, can provide
a measure ol asymmetry between the two breasts within a
desired tolerance. For example, 1n some embodiments, 11 a
difference between the average pressure readings for the left
and the rnight breasts 1s greater than about 10%, the left and
the right breasts can be considered as asymmetric. This
allows a surgeon to adjust the sizes of the two breasts such
that the final breast sizes are substantially symmetric.
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FIG. 5§ schematically depicts a top view of another
embodiment of a device 400 according to the present
teachings for measuring volumetric breast size, which
includes a bowl-shaped housing 402 for receiving a breast.
A flexible membrane 404 1s coupled to the mner surface of
the bowl-shaped housing such that a sealed gas-filled (e.g.,
an air-filled) chamber 402a 1s formed between the flexible
membrane and the iner surface of the bowl-shaped housing
without fully covering the opening of the bowl-shaped
housing. The sealed chamber 402a can contain one or more
gases 402b5. In this manner, a cavity 401 1s provided for
receiving a breast via the opening 401a. As the breast 1s
received within the cavity 401, it presses against the flexible
membrane 404 and hence causes a change 1 the volume of
the gas-filled chamber, which can then be correlated to the
breast size, as discussed 1n more detail below.

In some embodiments, the sealed chamber 4024 contains
a single gas type while in other embodiments, 1t can contain
multiple gas types. Some examples of suitable gases include,
without limitation, nitrogen, air, or a noble gas, such as
helium.

In this embodiment, three pressure sensors 403, 405, and
407 are coupled to the housing so as to measure the pressure
within the sealed chamber. Further, a controller 409 1is
coupled to the housing (e.g., it 1s coupled 1n this embodiment
to an outer surtace of the housing) for controlling the
operation of the pressure sensors and to transmit pressure
readings provided by the pressure sensors to an analyzer
410, which can use the pressure readings to arrive at the
breast size and/or asymmetry, e.g., in a manner discussed
above.

Similar to the previous embodiment, an analyzer 410 1s 1n
communication with the controller 409 to receive the pres-
sure readings provided by the pressure sensors and to
calculate the volumetric breast size and/or asymmetry based
on those pressure readings.

As shown schematically in FIG. 6, a breast can be
received 1n the cavity provided by the bowl-shaped housing.
As the breast 1s received within the cavity 401 provided in
the bowl-shaped housing 402, the breast can press against
the flexible membrane so as to cause tlexure thereof and
consequently a change 1n the volume of the sealed chamber.
Once the breast 1s fully received in the housing 402, a
change in the pressure of the sealed chamber 1n response to
the flexure of the flexible membrane due to the pressure
exerted thereon by the breast can be used to determine the
volume of the breast 1n the following manner.

Specifically, the volume of the cavity 401 1n absence of a
breast within the cavity (and hence in the absence of the
flexure of the flexible membrane 404) can be obtained
theoretically and/or via calibration using a variety of differ-
ent methods. By way of example, during the manufacturing
of the device, after the sealed chamber 1s filled with an
appropriate gas (e.g., air), the remaining volume within the
cavity of the housing can be calibrated, e.g., using standard
calibration volumetric elements.

To calculate the volume of the breast inserted into the
cavity of the housing, the pressure readings provided by the
pressure sensors 403/405/40°7 can be employed to determine
a change in the volume of the sealed gas-filled chamber
402a, and this change can be added to the calibration volume
of the remainder of the cavity to arrive at an estimate for the
volume of the breast for which a volume measurement 1s
desired. Further, a diflerence between the pressure readings
ol at least two of the sensors, or a composite of diflerences
in pairwise pressure readings of the pressure sensors, can be
employed to obtain a measure of the breast asymmetry.
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The use of a device for measuring a breast volume
according to the present teachings 1s not limited to an
operating room. For example, a device according to the
present teachings can be used during patient evaluation/
education, prior to commencement ol the surgical proce-
dure, during or aifter the surgery. A device according to the
present teachings can find other applications as well. For
example, such a device can be employed to provide women
an accurate measure of their breast size, e.g., for buying a
bra.

By way of example, FIGS. 7A and 7B schematically
depict an implementation of a breast-measuring device 700
according to an embodiment, which can be worn by an
individual for measuring her breast sizes. In this embodi-
ment, the breast-measuring device 700 includes two breast-
measuring units 702 and 704, each of which 1s configured in
a manner discussed above to measure the size of a breast.
The breast-measuring units 702 and 704 are mechanically
coupled to one another by a natural and/or synthetic fabric
706, such as nylon or polyester. A strap 708 allows an
individual to wear the device 700 similar to a bra with each
of the breast-measuring units recerving one of the breasts.

With continued reference to FIG. 7, similar to the previ-
ous embodiments, a pressure change detected by each of the
bra-measuring units can be received by an analyzer (not
shown), e.g., an application executing on a mobile device
(not shown). Similar to the analyzer discussed above, the
application can employ the pressure readings to determine
the volumetric size of each breast.

FIG. 8 depicts a device 800 according to another embodi-
ment for measuring a volumetric breast size. The device 800
includes a bowl-shaped housing 802 providing a cavity 803,
which 1s filled with a liquid 805, ¢.g., water or a mixture of
water and alcohol. A flexible membrane 802 covers the top
of the bowl-shaped housing. The cavity 803 1s 1n fluid
communication via a one-way valve 806 with an outer
chamber 808. As a breast 1s pressed against the flexible
membrane 802, the flexible membrane transmits the exerted
pressure to the liquid 805, which in turn exerts a pressure on
the one-way valve. As the breast continues to be received by
the flexible membrane, the pressure on the one-way valve
806 increases until the valve opens and the outer chamber
808 begins to receive the fluid displaced due flexure of the
flexible membrane 802. Once the breast 1s fully received mnto
the housing via the flexure of the membrane 802, the volume
of the liqud displaced from the cavity 803 into the outer
chamber 808 can correspond to the volume of the breast.

In some embodiments, the wall of the outer chamber 808
1s formed of a transparent material, e.g., transparent plastic,
to allow visual inspection of the liquid received by the outer
chamber. Further, calibrated graduated markings 810 can be
provided on the outer chamber 808 to allow determinming, via
visual inspection, the volume of the liquid received by the
outer chamber 808.

Similar to the previous embodiments, the inner wall of the
cavity 803 can be formed of any suitable polymeric material,
such as PDMS (polydimethylsiloxane), and the flexible
membrane 802 can be formed of any suitable matenal, such
a polyurethane. Further, the size of the device, including the
diameter and depth of the cavity 803 can be in the ranges
listed above, and can be adjusted based on the intended
population of patients.

FIG. 9 schematically depicts a device 900 according to
another embodiment, which includes a housing 902 provid-
ing a cavity 903. An mnner liquid chamber 904 1s formed
between an inner wall 906 of the housing 902 and a tlexible
membrane 907. An outer chamber 908 1s formed between
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the 1nner wall 906 and an outer wall 910. A one-way valve
912 fluidly connects the inner liguid chamber 904 to the
outer chamber 908. The housing includes an opening 914
through which a breast can be received 1n the cavity 903. As
the breast 1s recerved within the cavity 902, 1t presses against
the flexible membrane 907 and hence exerts a pressure on a
iquid 915 within the inner liquid chamber 904. Once the
liquid pressure within the mnner liquid chamber 904 reaches
a threshold, the one-way valve opens and the liquid begins
to enter the outer chamber 908. When the breast 1s fully
received within the cavity 903, the volume of the liquid
displaced from the mner chamber 904 to the outer chamber
908 can be determined, e.g., via visual inspection of a
plurality of graduated markings 920 provided on the outer
wall of the outer chamber.

Similar to the previous embodiment, the outer wall of the
outer chamber can be formed of a transparent material, such
as transparent plastic to facilitate visual ispection of the
liquad displaced into the outer chamber.

As discussed above, 1n some embodiments, a device
according to the present teachings can be employed to obtain
a measure ol asymmetry ol breasts. For example, 1n the
above device 10, a difference in the pressure readings of the
pressure sensors 20 and 22 can be employed to obtain a
measure of the breast asymmetry. FIG. 10 shows another
embodiment of a device 1000 according to the present
teachings that can be employed for measuring breast asym-
metry. The device 1000 includes a bowl-shaped housing
1002 providing a cavity 1004 having an opening 1006
through which a breast can be received within the cavity.
Two gas-filled chamber 1008a and 10085, separated by a
substantially gas-impermeable partition 1008¢ 1s formed
between a flexible membrane 1009 and an outer wall 1010
of the housing.

With continued reference to FIG. 10, a pressure sensor
1011 1s coupled to the gas-filled chamber 1008a for mea-
suring the pressure within that chamber, and a pressure
sensor 1012 1s coupled to the gas-filled chamber 10085 for
measuring the pressure in that chamber. A controller 11135
controls the pressure sensors 1011 and 1012 and receives
pressure data acquired thereby.

As a breast 1s recerved within the cavity 1004, 1t will exert
a pressure on the flexible membrane 1009, thereby causing
its inward flexure. The flexure of the membrane 1n turn
increases the pressure 1 the chambers 1008a and 10085.
The 1ncrease 1n the pressure 1n the two chambers 1008a and
10085 can be diflerent due to the right-left asymmetry of the
breast. An analyzer (not shown), such as that discussed
above 1n connection with the previous embodiments, can be
used to receirve the pressure readings and determine a
measure of the breast asymmetry based on a difference
between those readings, e.g., using calibration curves.

The devices according to the present teachings provide a
number of advantages. For example, many insurance com-
panies would pay for breast reduction surgery so long as the
patient meets certain criteria. Since there 1s presently no
objective way of measuring breast size, other measures (e.g.,
weight, height, symptoms) are employed to obtain rough
estimates of the breast size. A device according to the
present teachings can solve this problem by providing an
objective measure of the volumetric size of the breast.

The sizes of various devices according to the present
teachings can be selected to accommodate different breast
sizes. For example, 1n some embodiments, the diameter of
the above bowl-shaped housings can be, for example, 1n a
range of about 2 inches to about 10 inches, e.g. 1n a range
of 4 inches to 8 inches.
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FIG. 11 A schematically depicts another embodiment of a
breast-measuring device 2000, which includes a housing
2001 providing a cavity 2002 1 which a bladder 2004 1s
disposed. In the embodiment, the bladder 1s fixated to the
housing 2001 via a plurality of attachment points 2006. In
this embodiment, the bladder 1s filled with a gas, e.g.,
nitrogen. In some embodiments, the bladder can be filled
with the gas up to a predefined pressure. Similar to the
previous embodiments, a pressure sensor 2008 1s operatively
coupled to the bladder to measure the gas pressure within the
bladder. The bladder 1s formed of a flexible matenial, e.g.,
polyurethane, which can flex 1n response to pressure of a
breast thereon.

In use, the housing 2001 can be placed over a breast 2010
and the breast can be pressed against the exposed top portion
of the bladder 2004. The pressure of the breast 2010 can flex
the bladder’s skin so as to provide a pouch for receiving the
breast, as shown schematically in FIG. 11B. As the breast
2010 1s pushed against the bladder and more of the breast 1s
progressively received within the pouch generated in the
bladder’s skin, the increase in the pressure within the
bladder can be monitored via the pressure sensor 2008. Once
the breast 2010 1s fully recerved within the pouch generated
in the bladder 2004, the change in the pressure within the
bladder, indicated by the pressure sensor 2008 can be
utilized, e.g., in a manner discussed above, to obtain an
estimate of the breast volume. In particular, similar to the
previous embodiments, the change in the pressure within the
bladder 1s related to the change in the volume of the bladder
caused by the pressure exerted therecon by the breast. The
change 1n the volume of the bladder 1s in turn related to the
volume of the breast received within a pouch generated by
the flexing of the bladder’s skin (typically the change 1n the
volume of the bladder 1s substantially equal to the volume of
the breast recetved within a pouch generated within the
bladder’s skin due to the breast pressure). Hence, a change
in the pressure within the bladder can be employed to
provide an estimate of the volume of the breast.

FIG. 12 schematically depicts another embodiment of a
breast-measuring device 3000 according to another embodi-
ment, which includes a housing 3001 providing a cavity
3002, which 1s sealed via a flexible membrane 3003. In this
embodiment, the cavity 3002 1s filled with an incompress-
ible liquid 3005, e.g., water. A one-way valve 3004 couples
the tluid-filled cavity to a visual indicator, e.g., a graduated
cylinder 3010 in this embodiment, which 1s positioned
outside the housing and 1s coupled thereto.

In use, the pressure of a breast on the flexible membrane
can apply pressure to the liquid within the cavity 3002 and
hence force the liquud within the cavity to exit through the
one-way valve 3004 and enter the graduated cylinder. As the
liquid 1s imncompressible, the volume of the liquid within the
graduated cylinder 1s directly proportional to the volume of
the breast received within the flexed membrane 3003. The
flexible membrane can be formed of a varniety of polymeric
maternals, such as those discussed above (e.g., polyure-
thane).

FIG. 13 schematically depicts another embodiment of a
breast-measuring device 4000, which includes a housing
4001 providing a cavity 4002, which 1s sealed via a flexible
membrane 4003. In this embodiment, the cavity 1s filled with
a gas, e.g., nitrogen, and 1s in fluid communication via a
one-way valve 4004 with a visual indicator 4005, e.g., a
graduated cylinder in this embodiment.

In use, as a breast 1s pressed against the flexible mem-
brane, the flexure of the membrane forces some of the gas
within the cavity to exit through the one-way value into the
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graduated cylinder. As the volume of the gas forced into the
graduated cylinder 1s proportional to the change 1n the
volume of the cavity cause by the tlexure of the membrane,
the volume of the gas measured by the graduated cylinder
can correspond to the volume of the breast received within
the flexed membrane. In this embodiment, a ball 4005 within
the graduated, calibrated cylinder allows facile determina-
tion of the volume of the gas exiting from the cavity through
the one-way valve.

Those skilled 1n the art will appreciate that various
changes can be made to the above embodiments without
departing ifrom the scope of the present invention.

What 1s claimed 1s:

1. A device for measuring breast volume, comprising;:

a housing comprising an enclosure having an opening,

a tlexible membrane sealingly covering said opening so as

to provide an enclosed space within said housing,

a gas disposed within said enclosed space,

at least one pressure sensor coupled to said enclosure so

as to measure pressure of said gas within said enclosed
space,

wherein said flexible membrane 1s configured to revers-

ibly flex into said enclosed space in response to pres-
sure ol a breast against the membrane; and

wherein said flexure of the membrane causes a change 1n

the pressure and volume of said gas within said
enclosed space,
an analyzer for receiving said measured pressure and
determining, based on said measured pressure, said
change 1n the volume of said enclosed space,

wherein said analyzer determines said change in the
volume of the enclosed space based on pressure versus
volume calibration data.

2. The device of claim 1, wherein said analyzer deter-
mines said change 1n the volume of the enclosed space based
on a theoretical relationship between volume and pressure of
said enclosed space.

3. The device of claim 1, wherein said analyzer comprises
an ASIC (application specific integrated circuit) pro-
grammed to calculate a change in the volume of said
enclosed space 1n response to a measured change 1n pressure
within said enclosed space due to flexure of said membrane.

4. The device of claim 1, wherein said analyzer 1s imple-
mented on a mobile device.

5. The device of claim 1, wherein said housing 1s bowl-
shaped.

6. The device of claim 1, wherein said gas comprises a
mixture of two or more gases.

7. The device of claam 1, wherein said gas comprises
nitrogen.

8. The device of claim 1, wherein said gas comprises a
noble gas.

9. The device of claim 1, wherein said gas comprises air.

10. The device of claim 1, wherein said housing com-
prises a polymeric material.

11. The device of claim 10, wherein said polymeric

material comprise any ol PDMS (polymethylsiloxane),
polypropylene, and polyethylene.

12. The device of claim 1, wherein said flexible mem-
brane comprises polyurethane.

13. The device of claim 1, wherein said flexible mem-
brane has a thickness of 1n a range of about 1 mm to about
> mm.
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14. A system for measuring breast asymmetry, compris-
ng:

a housing comprising an enclosure having an opening,

a flexible membrane sealingly covering said opening so as
to provide an enclosed space within said housing,

a gas disposed within said enclosed space,

at least two pressure sensors coupled to said enclosure so
as to measure pressure of said gas within said enclosed
space,

wherein said flexible membrane 1s configured to revers-
ibly flex into said enclosed space in response to pres-
sure ol a breast against the membrane, and

wherein said flexure of the membrane causes a change 1n
the pressure and volume of said gas within said
enclosed space,

an analyzer for receiving pressure readings of said two
pressure sensors and obtaining a measure of breast
asymmetry based on a difference between said two
pressure readings.

15. A system for measuring breast asymmetry, compris-

ng:

10

15

14

a device, comprising:

a housing comprising an enclosure having an opening
for receiving a breast,

at least two gas-filled chambers fluidically isolated
from one another, each of said chambers being
formed between an inner wall of said enclosure and
a flexible membrane,

at least two pressure sensors each of which 1s coupled
to one of said gas-filled chambers for measuring gas
pressure therein,

wherein each flexible membrane 1s configured to
reversibly flex 1n response to pressure of a breast
thereon, thereby causing a pressure change in the
respective chamber,

wherein a pressure difference measured by said at least
two pressure sensors 1s ndicative of asymmetry of
the breast, and

an analyzer configured to compute a measure of breast
asymmetry based on said pressure change.
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